INTRODUCTION
It is known that imidazole derivatives are extensively used in pharmaceutical /1/ and agrochemical industries /2,3/. Ethyl 4-methyl-5-imidazolecarboxylate (emizco) derivatives present antiviral /4/ and herbicidal/5/activities. Most commercial herbicides are organic synthetic compounds with a wide variety of structures and with different targets, selectivity, mode of action, and weed spectrum. In order to exert toxicity, all pre-emergence herbicides (or post-emergence) must be absorbed into the root (or foliage) and move to the site of action, where they must be present at an active concentration and a proper toxic form for a long-enough period/6/. Any factor that interferes with this sequence may account for differential selectivity or sensitivity of herbicides between species among herbicides. Properties, or spatial distribution of herbicides functional groups are also important factors that may affect their selectivity.
It is known that the phytotoxicity of the organic compound is either enhanced or decreased upon coordination with metal ions/7/. The primary interest-in our screening program is directed to compounds that affect seed germination, seedling root and shoot development or energy metabolism. We have previously studied the effects of transition metal coordination compounds on different photosynthetic activities. Ni 2/ coordination compounds of emizco and nickel salts inhibited thylakoid electron transport chain at two different targets, being nickel salts less potent as Hill reaction inhibitors. Emizco was inactive on photosynthetic activities/8/. Continuing with this work, we extended our research to the effect of cobalt salts and their emizco coordination compounds on photosynthesis and germination.
Some transition metal ions participate in a great variety of biological roles, among them, as essential components of several enzymes /9/. These elements are plant micronutrients affecting their growth and metabolism /9,10/. For example, cobalt sulphate decreased seed germination of Pinus sylvestris /11/ and Nicotiana tabacum/12/. This metal ion stimulates yeast mitochondria respiration when a-keto glutarate is employed, but it was irreversibly inhibited in the presence of succinate. Pre-incubation of mitochondria with cobalt sulphate inhibited respiration and oxidative phosphorylation/13/. 
Seed respiration bioassays
Experiments on respiration followed the same procedure as that for germination bioassay. However, the seed respiration was measured as 02 uptake using a Clark type electrode attached to a Yellow Spring Instrument (YSI) model 5300 oxymeter. The current generated during O2 reduction to water was converted to voltage, and the signal recorded on a Gilson chart recorder. The current was stoichiometrically related to the oxygen consumed at the cathode. The seeds were imbibed in water on Petri dishes, and an aqueous solution of the ligand, cobalt salts, or coordination compounds, was added at concentrations ranging from 100 to 400 pM. The Petri dishes were placed in the respiration chamber of an oxymeter. O, uptake was monitored for 3 min and then the seeds were discarded. The oxygen consumption rate was calculated and reported in nano atom 02 x h x seed .
Temperature was kept at 20C.
RESULTS AND DISCUSSION
The IR spectrum of emizco shows absorption bands corresponding to the stretching modes [26] . The emizco ligand remains coordinated in a bidentate mode through the imidazolic nitrogen and the oxygen atom. For the chloro and bromo compounds it can be inferred, from the UV-visible absorption spectra, that water molecules substituted the halides, Fig. 1 .
It was shown that the buffer did not coordinate to the metal ion in any of the compounds (Fig. 1) . The UV-visible spectra of the compounds remained unchanged for solutions of increasing buffer concentration (Fig. 1) . Emizco remains bonded to the metal ion in aqueous solution for at least three days, as indicated from kinetic studies. Therefore, the active species in all the experiments contains the emizco ligand coordinated to Co2+.
[Co(emizco)2Cl2] 
ATP-synthesis and electron transport chain
The effect of cmizco, the cobalt(II) salts and their coordination compounds on ATP-synthesis and on the electron transport chain was determined on spinach thylakoids. The results indicated that emizco has no activity. Cobalt(lI) salts and their coordination compounds behave as Hill reaction inhibitors, as they inhibited basal, phosphorylating and uncoupled electron flow; and ATP-synthesis in a concentrationdependent manner (Fig. 2) . Coordination compounds are more potent inhibitors than the salts. Fig. 2 In order to localise the inhibition site of the salts and the coordination compounds on the electron transport chain, the effect on photosystems II and was measured on partial photosynthesis reactions. Artificial electron donors and acceptors are used to study partial reactions of the electron transport chain, as shown in Fig. 3 .
The cobalt(ll) salts inhibited the electron flow measured from TMQH2 to MV (Table 1) and they did not affect the electron flow of PSII, measured from H20 to DCPIP, neither PSI, measured from DCPIPH2. These results indicate that the target is at the b6f level. yield. An increase in relative variable fluorescence yield as a function of the cobalt complexes concentration was indicative of a loss in Q re-oxidation capacity (Fig. 4) . The salts and the complexes have one common inhibition site located at bf, while the coordination compounds have a second target at 0. Chlorophyll a fluorescence measurements
The reduction of the relative Q," re-oxidation capacity of thylakoids on addition of coordination compounds was significantly concentration dependent (Fig. 4) ; while cobalt(II) salts showed no effect. Inhibition of PSII electron transport activity, from H20 to DCPIP, was determined by polarography. A correlation was found between the accumulation of Q, and the inhibition on PSII (Table 1 and Fig. 4 ). These observations strongly suggest that the target site of the coordination compounds is located at the acceptor side of the PSII at the Q-protein. In order to inhibit seed respiration, higher concentrations of emizco were needed. It was observed that emizco at 400 laM inhibited seed respiration, ranging from 0.0 to 77% (Table 3 ). The largest effect was observed for T. aestivum seeds, where maximum inhibition of the activity was 33% on the first day of imbibitions, and then started to diminish. The other studied species were less affected by emizco (Table 3 ).
Since seed respiration was only partially inhibited, our results suggest that mitochondria might not be a major target of these compounds. (Table 3) were either slightly inhibited or non-affected by these compounds, even at high concentrations (400 laM). As an example, Fig. 6 shows the effect of [Co(emizco)eCl] on seed germination and seedling growth. The latter was less potent than emizco (Fig. 5) . The results lbr the remaining coordination compounds, at 400 laM, are listed in Table 2 . [Co(emizco)2Cl2] had the highest phytotoxic activity on germination. However, coordination compounds were less potent than the ligand (Table 2) . Interestingly, the presence of the metal ion diminished the inhibitory potency of emizco (compare Fig. 5, 6 and Table 3 ). Therefore, its coordination to Co 2/ may have diminished emizco phytotoxicity.
Phytotoxicity was concentration-dependent for the coordination compounds, the higher effects occurred at 400 laM (Table 2) . Of the evaluated processes, respiration was the least affected by the coordination compounds (Table 3) .
Root and shoot development, and seed germination were only inhibited by the coordination compounds at high concentration. Fig. 7 shows that emizco prevents germination and seedling growth, contrary to the effect observed with [Co(emizco)2C12] that allows germination even at 400 IaM, Fig. 8 .
Phytotoxicity of the cobalt(II) salts was tested as control in parallel experiments. In general, none of the salts had any effect on germination or seedling growth (Table 2 ); in some cases it slightly inhibited or stimulated these processes. In Table 3 , it can be appreciated that respiration is inhibited by the salts only after five days of treatment; the effect being larger in Lolium multiflorum and Physalis ixocarpa. This may be due to the presence of the anions. Our results show that emizco is a potent phytotoxic compound that inhibits germination, and root and shoot development on monocotyledonous and dicotyledonous species. According to its l.s0 value, emizco is approximately two to three times less active than a standard commercial herbicide, such as methazole (2- 
CONCLUSIONS
As previously observed/8/neither the anions (CI, Br" and NO3") nor emizco by themselves contribute to the inhibition of electron transport (Table 1) . However, when emizco is bound to cobalt(II), the coordination compounds inhibit electron transport, behaving as more potent Hill reaction inhibitors than the salts, and reducing emizco toxicity. For the coordination compounds there are two inhibition sites on PSII; one of them is also a target for the metal salts. On the other hand, emizco is a potent germination and seedling growth inhibitor, while the metal salts and coordination compounds have no effect.
